We studied the effects of Dai-kenchu-to on the spontaneous contraction in isolated rabbit jejunum. Dai-kenchu-to (10-3g/ml) increased jejunal contraction, such as phasicchu-to and Zanthoxyli Fructus reversed the decrease of contraction produced by atropine.
Pharmacological
Studies of the Effect of Dai-kenchu-to on We studied the effects of Dai-kenchu-to on the spontaneous contraction in isolated rabbit jejunum. Dai-kenchu-to (10-3g/ml) increased jejunal contraction, such as phasicchu-to and Zanthoxyli Fructus reversed the decrease of contraction produced by atropine.
However, phasic-like contraction induced in the absence of atropine was antagonized by atropine. Dai-kenchu-to and Zingiberis Siccatum Rhizoma further decreased spontaneous contraction in the presence of tetrodotoxin.
It was clarified that Dai-kenchu-to possesses gastroprokinetic effect, and Zanthoxyli
Fructus mainly contributed to this effect. It was suggested that the cholinergic and noncholinergic nervous systems were involved in increasing intestinal motility. It was also
Introduction
Intestinal obstruction subsequent to laparotomy (postoperative ileus) still remains the most common postoperative complication. Various pharmacotherapies are available (Davidson et al., 1979 ; Edward and Edward, 1990 ; Jepsen et al., 1986) , and Dai-kenchu-to has been shown useful for treatment of postoperative ileus (Seki, 1987) . Our previous report described the usefulness of Dai-kenchu-to on an animal model with intestinal adhesion (Hayakawa et al., 1999) . Concerning the pharmacological action of Dai-kenchu-to, several interesting reports confirm that Dai-kenchu-to has been found to significantly increase gastrointestinal motility in conscious dogs (Furukawa et al., 1995 ; Shibata et al., 1998) and contract distal colon in the Tokyo, Japan) was also used. The powder of Dai-kenchu-to was extracted from a mixture of Zanthoxyli Fructus (component ratio=2), Ginseng Radix (3) and Zingiberis Siccatum Rhizoma (5). Dai-kenchu-to was obtained by mixing the powdered extract with Saccharum Granorum at 1:8 ratio. Dai-kenchu-to at concentration identical to that of the powdered extract of Daikenchu-to was used. Concentrations of powdered crude drug component extracts were the same as those in the Dai-kenchu-to preparation. Each extract was dissolved in distilled water.
Indomethacin, atropine sulfate and tetrodotoxin (SIGMA, St. Louis, MO, USA) were used.
Indomethacin was dissolved in dimethyl sulfoxide (DMSO). Atropine and tetrodotoxin were dissolved in distilled water.
Effects of Dai-kenchu-to on the spontaneous contraction in isolated rabbit jejunum.
The rabbits were fasted overnight and sacrificed by a blow to the head. After laparotomy, strips were removed from the jejunum and placed in oxygenated (95% O2-5% CO2) tyrode Effects of Dai-kenchu-to on rabbit jejunum.
Effects of Dai-kenchu-to on spontaneous contraction in isolated rabbit jejunum Dai-kenchu-to (10-3g/ml) induced phasic-like contraction. Subsequently, the compound continuously increased the amplitude of contraction (Fig. 1A) . Thus, contraction induced by 10-4 g/ml) induced weak phasic-like contraction and subsequently continuously increased the spontaneous contraction (Fig. 1E) . Dai-kenchu-to produced a dose-dependent increase of spontaneous contraction (Fig. 2A) . Dai-kenchu-to and Zanthoxyli Fructus increased the spon taneous contraction whereas Zingiberis Siccatum Rhizoma suppressed spontaneous contraction (Fig. 2B ).
Effects of Dai-kenchu-to on spontaneous contraction following atropine administration
Atropine (10-7g/ml) continuously decreased the amplitude of contraction, thus showing its inhibitory effect on spontaneous contractions. Dai-kenchu-to and Zanthoxyli Fructus reversed the decrease of atropine-induced contraction. But these drugs also demonstrated that phasiclike contraction induced in the absence of atropine was antagonized by atropine. Zingiberis decreased the amplitude of contraction in the presence of atropine (Fig. 3A) .
Effects of Dai-kenchu-to on spontaneous contraction following tetrodotoxin administration
Tetrodotoxin (10-6 g/ml) slightly decreased the amplitude of contraction. Dai-kenchu-to activity. The other crude drug components had no effect on spontaneous contraction in the presence of tetrodotoxin (Fig. 3B) . Indomethacin also suppressed spontaneous contraction and it further decreased contraction in the presence of atropine or tetrodotoxin (Fig. 4) .
Discussion
Postoperative intestinal obstruction (postoperative ileus) is considered to be partly caused by incomplete intestinal motility resulting from hyperactivity of the sympathetic nervous system after laparotomy (Jacques et al., 1997; Sagrada et al., 1987) . Therefore, gastroproDai-kenchu-to and spontaneous contraction of isolated rabbit jejunum reported, this drug has received attention from numerous investigators . However, the gastro prokinetic effect alone has been reported as the pharmacological action of Dai-kenchu-to, and many issues involved in improvement of ileus still remain unclear . Therefore, to evaluate the ileus-improving effect of Dai-kenchu-to, we evaluated the effect of Dai-kenchu-to on the spontaneous contraction in isolated rabbit jejunum. Furthermore, we described the respective roles of various crude drug components.
Dai-kenchu-to induced phasic-like contraction and continuously increased contractile amplitude. Zanthoxyli Fructus showed the effect similar to that of Dai-kenchu-to. There fore, it was thought that Zanthoxyli Fructus was mainly responsible for the effect of Dai kenchu-to. Zingiberis Siccatum Rhizoma on the other hand continuously decreased contractile amplitude.
How the inhibitory effect of Zingiberis Siccatum Rhizoma in improvement of ileus still remains unclear. Improvement of ileus after administration of gastroprokinetics alone was slight in the animal model and clinical trials. Therefore, it was considered that the inhibitory effect of Zingiberis Siccatum Rhizoma might contribute to ileus improvement.
Spontaneous contraction is myogenic, yet it is partially regulated by the cholinergic nervous system of the myenteric plexus (Gonzalez and Morales-Aguilera, 1985) . In the present study, atropine decreased contractile amplitude. Dai-kenchu-to and Zanthoxyli Fructus rever sed decreased amplitude of contraction by atropine. However, these drugs induced phasic-like contraction were antagonized by atropine.
In the presence of tetrodotoxin, Dai-kenchu-to further decreased spontaneous contraction, while Zanthoxyli Fructus did not influence spontane ous contraction. These results suggest that the phasic-like contraction might be induced via the cholinergic nervous system, while increased contractile amplitude might be induced via the atropine-resistant nervous system. Dai-kenchu-to and Zanthoxyli Fructus augment acetyl choline release from the myenteric plexus of guinea pig ileum and colon (Kurosawa, 1998) . A similar effect is thought to be involved in the induced phasic-like contraction of Dai-kenchu to. Since it was reported that non-adrenergic and non-cholinergic neurons seem to play an important role in regulation of intestinal motility (Leander et al., 1981 ; Abrahamsson, 1986) , increase of contraction on amplitude by Dai-kenchu-to might be related to these nervous systems.
Dai-kenchu-to further decreased spontaneous contraction in the presence of tetrodotoxin. The inhibitory effect of Zingiberis Siccatum Rhizoma might be involved in this process. The inhibitory effect of Zingiberis Siccatum Rhizoma on contraction was shown in the presence of atropine or tetrodotoxin, and thus may derive from some action other than that of the nervous system. Spontaneous contraction was suppressed with inhibition of COX activity.
Indomethacin suppresses contraction by inhibiting COX activity (Northover, 1971; Burleigh, 1977) . Indomethacin decreased spontaneous contraction and it further decreased contraction in the presence of atropine or tetrodotoxin in this study. Furthermore, preliminary evaluations demonstrated that spontaneous contraction was inhibited by selective COX-2 inhibitors. Our previous report clarified that Dai-kenchu-to inhibited COX-2 activity. Therefore, it was speculated that the inhibitory effect was due partly to the COX activity.
Although it remained unclear how the inhibitory effect of Zingiberis Siccatum Rhizoma was related to the ileus improvement action, the possibility of a correlation cannot be ruled out.
In conclusion, Dai-kenchu-to has shown gastroprokinetic effect, and Zanthoxyli Fructus contributed to this action. 
